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U M FC 66 is an  anatom ical specim en from the Physical A nthropology Lab at The U niversity o f  
M ontana-M issoula. It is a nearly com plete skeleton that exhibits no traum a. I exam ined the 
literature on suitable approaches to  estim ating age from the skeleton, because age is d ifficult to 
estim ate for this case and presents an  interesting challenge. I also estim ated sex, ancestry, stature, 
and weight. I concluded that U M FC 66 is an  A m erican Indian, perhaps 20 to  28 years o f  age 
w ith a relatively short stature o f  about 1.56m (5 ’01” ), w eighing approxim ately 115 to 129 
pounds. T here is severe osteom yelitis throughout the left low er extrem ity. T im e since death is 
w ithin m odem  tim es, betw een W orld W ar II and the past few  years.
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CH A PTER 1: INTRODUCTION
The skeleton o f  UM FC66 is curated in the Physical A nthropology L aboratory at the 
University o f  M ontana-M issoula and classified as UM FC66. It is the skeletal rem ains o f  a 
previously buried individual. B ecause o f  the severe degree o f  osteom yelitis, it is possible that 
this was an im poverished, m aybe hom eless individual.
In the case o f  suspicious or unknow n deaths, tim e o f  death is essential inform ation 
necessary to determ ine the cause. H aglund and Sorg (1997) m aintain that estim ating the tim e 
interval since death can be extrem ely difficult. For the m ost part, th is approxim ation is based on 
the am ount and condition o f  soft tissue, such as skin, m uscle, and ligam ents rem aining after 
decom position, the preservation o f  the bones, extent o f  plant root grow th, odor, and any 
carnivore and insect activities. In addition, m any other variables m ust also be kept in mind, 
including the tem perature at the tim e o f  death, open w ounds, w ater retention, soil pH, and extent 
o f  dam pness/dryness. The m ore tim e that has elapsed since death, the m ore challenging it is to 
determ ine the tim e interval since death.
E xcept for the severe osteom yelitis in the left low er extrem ities, this skeleton is in 
reasonably decent condition, show ing little to no indication o f  deterioration. The bones are 
stained a brow nish hue as a result o f  having been buried. Judging by the excellent quality o f  the 
bones and the lack o f  noninfectious deterioration, I w ould estim ate this individual d ied  in 
m odern tim es, betw een the end o f  W orld W ar II and the last few  years. C alcu lating  the 
postm ortem  interval is a challenging process since there is no soft tissue to determ ine tim e since 
death. There is no inform ation on the provenience o f  this skeleton and no w ay o f  know ing w here 
it cam e from  or how  the U niversity cam e into possession o f  it.
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CHAPTER 2: SKELETAL INVENTORY AND DESCRIPTION
SKULL: The skull is sm all and som ew hat gracile. Only about 45%  o f  the m axillary dentition  is 
present. The skull is o f  m edium  proportions w ith a cranial index o f  75.0 to 79.9 (m esocranic). 
The skull o f  UM FC 66 is o f  m edium  dim ensions w ith a cranial index o f  75.0. The cranial length- 
height index is 75.0, placing it in the hypsicranic range, reflecting the fact that this individual has 
a relatively high skull. Ignoring dentition, the skull is 100% com plete, except that the hyoid bone 
is missing.
M A N D IBLE: Like the skull, the m andible is som ew hat gracile w ith a rounded m ental region. 
The dentition is 75%  com plete w ith congenitally  absent third m olars. RM i was lost antem ortem  
because o f  the presence o f  bone resorption; the other m issing teeth  w ere lost postm ortem . E ither 
this ind iv idual’s third m olars are m issing congenitally  o r they w ere rem oved antem ortem  and 
accom panied by bone resorption. In the m axillary region, all o f  the teeth are present except for 
all o f  the incisors, both third prem olars, and both third m olars. In the m andible, all teeth  are 
present as well, except for both central incisors, the right third prem olar, the right first m olar and, 
as m entioned above, both third m olars; the dental inventory is illustrated in A ppendix  C. The left 
low er second m olar has som e broken enam el on the m esial side. Excluding the third m olars, all 
o ther tooth  loss is postm ortem  since there is no bone resorption.
CLA V ICLES: The right clavicle is m issing entirely. T here are, how ever, tw o left clavicles. The 
bones are 100% com plete and unbroken.
STERNUM : The m anubrium  and sternal body are unfused and the xiphoid process is missing. 
RIBS: E xcept for ribs five and eight on the left side, there is a full com plim ent.
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VERTEBRA E: Five o f  the cervical vertebrae are present, including C -l , C-2, as well as C-4 
through C-6. Tw o o f  the vertebrae have partially fractured spinous processes. All but one o f  the 
thoracic vertebrae is present. All lum bar vertebrae are accounted for, as well as an additional one 
(this individual has six lum bar vertebrae). The thoracic and lum bar vertebrae are affixed together 
w ith som e type o f  gray adhesive clay, and all the vertebrae are jo ined  by a string running through 
the vertebral foramina.
SCA PULAE: Both scapulae show  postm ortem  dam age in the form  o f  small (<16m m ) slits on the 
infraspinous area. The left Scapula is w ider and shorter than the right. Both are about 100% 
com plete.
HUM ERI: Both hum eri are present and 100% com plete.
RADII: Both radii are present and 100% com plete.
U LNA E: Both ulnae are present and in good condition.
HAN DS: The left trapezoid is present as well as one right and one left ham ate. T here are also 
tw o right 2nd m etacarpals as well as tw o right 4 th m etacarpals and one 5 lh m etacarpal from  both 
the right and left sides. Five proxim al phalanges and one m iddle phalanx are also present.
SACRUM : The sacrum  is present and fully com plete. The coccyx is fused to  the sacrum  and its 
tip is m issing. There is also som e evidence o f  infection.
OS CO X A E: Both coxals are present. The right one show s evidence o f  osteom yelitis.
FEM ORA: Both are present. The left fem ur is very badly deform ed due to  a severe bone 
infection.
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TIBIAE: The left tibia is the only one present. The proxim al end is, to som e extent, affected  by 
osteom yelitis.
FIBULAE: Both the right and left fibulae are present. They are 100% com plete. The left fibula 
show s evidence o f  possible osteom yelitis on the proxim al and distal ends.
FEET: Three o f  the tarsals (left calcaneus, left talus, and right navicular) are present along w ith 
the right second, third, and fourth m etatarsals. The posterior aspect o f  the left calcaneus shows 
considerable deterioration and bone remodeling.
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CHAPTER 3: MATERIALS AND METHODS 
1. A ge estim ation
•  Is^an costostem al deterioration technique as presented by B um s (1999).
•  Vertebral osteophyte form ation according to A lbert and M aples (1995).
•  U sed the M cK ern and Stewart, as cited by Bass (2005), m ethod to determ ine 
m edian clavicular epiphysis closure.
•  T odd (1920) m ethod o f  using the pubic sym physeal face as presented by Buikstra 
and U belaker (1994).
•  A dditionally, I com pared the Todd (1920) m ethod to G ilbert and M cK ern (1978), 
Katz and Suchey (1986), and B rooks and Suchey (1990) pubic sym physis 
technique, each cited  by B um s (1999).
•  Lovejoy et al. auricu lar surface m ethod as referred  to by Bass (2005).
•  Finally the Trom ly (1996) m ethod for determ ining degree o f  dental attrition.
2. Sex determ ination
•  U sed the Ascadi and N em eskeri m ethod for sexually dim orphic cranial features 
presented by Buikstra and U belaker (1994).
•  A pplied the Phenice (1969) m ethod for pelvic m orphology
•  Sacral m orphology based on A nderson, as cited  by Bass (2005).
•  B ass ' (2005) discussion o f  fem ur sexing from Pearson.
3. A ncestry estim ation
•  A pplied the Bass (2005) technique from  G iles and E llio t using discrim inant 
functions.
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•  M ade use o f  FORD ISC 3.0, developed by O usley and Jan tz (2005), for 
osteom etric analysis.
4. Stature
•  T rotter and G leser (1958) d iscrim inant functions for determ ining stature from 
long bone length.
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CHAPTER 4: AGE ESTIMATION
A ccording to Bass (2005), age estim ation is usually quite defined during the first stages 
o f  grow th and developm ent; epiphyseal plate closure, and bone ossification are the tw o key 
distinguishing features. On the other hand, w hen the growth process has finished and the 
perm anent dentition has erupted, age assessm ent difficulty increases, and evaluation o f  the 
degenerative processes m ust be applied. As B um s (1999) points out the pubic sym physis o f  the 
pubic bone, the auricular surface o f  the ilium  and the sternal end o f  the fourth rib are the m ost 
accurate indicators o f  age-at-death in adults. To a m uch lesser degree, the closure o f  cranial 
sutures can be utilized as well. Additionally, in older adults, processes o f  deterioration including 
arthritis, osteophyte form ation, and osteoporosis can be used for com m on age estim ates. Burns 
(1999) m aintains that the stages o f  tooth eruption, fusion o f  epiphyses, and patterns o f  
ossification in infants and children are very useful for estim ating age. She goes on to  state that 
bone developm ent continues for repair o f  fractures and rem odeling to  deal with changes in 
lifestyle and stresses, even after adulthood is reached. D egenerative processes cause bone to  go 
through continual rem odeling and m odification.
The true age o f  the individual is often disguised by environm ental, nutritional, and 
disease pressure; how ever, the chronological age is often an estim ate o f  the biological age which 
is based upon patterns o f  grow th and deterioration. In addition, the accuracy w ith w hich age 
estim ation can be perform ed becom es m ore difficult as the age approaches old age. In other 
w ords, the younger ages are estim ated principally on the basis o f  developm ental changes m aking 
m ore precise estim ates possible, w hile in o lder individuals, estim ates are often achieved by 
noting the degenerative changes, w hich are less accurate, as indicated by Bass (2005).
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Since all bones are fully developed (i.e. all epiphyses are closed), it is apparent that 
UM FC66 is an adult. Using the epiphyseal closure for the hum eral head, coronoid process o f  the 
scapula, distal hum erus, hum eral m edial epicondyle distal radius, distal ulna, fem oral head, 
greater trochanter, distal fem ur, distal/proxim al tibia, distal/proxim al fibula, and the sacrum , it is 
apparent from the com plete fusion o f  these areas that this is an adult that m ay be as old as thirty 
years o f  age.
As illustrated by A lbert and M aples (1995), osteophytes, or bone spurs, are a norm al part 
o f  the aging process; the body creates them  to  better distribute w eight across a jo in t that has been 
dam aged by a condition such as arthritis. O steophyte form ation is a norm al part o f  the aging 
process and is attributed to physical stress and deterioration.
There are no signs o f  vertebral osteophytes on the spinal colum n o f  UM FC 66, and since 
the epiphyseal ring is fused to the vertebral body w ith no evidence o f  osteoarthritis, and a sm ooth 
and solid appearance it corresponds to an age range o f  tw enty to twenty-nine.
B um s (1999) presents the m ethod that Isgan et al. developed for age estim ation based on 
changes at the sternal end o f  the fourth rib. O ver tim e, the costostem al cartilage begins to ossify 
slightly due to the typical stresses p laced on it, this appears w ith intensified degeneration, 
thinning and increased porosity at the ends o f  th is surface. These changes are sim ilar to  those 
that occur on the sym physeal face o f  the pubic bone. Sex, pregnancy and activity patterns do not 
produce as m uch variation  in the phases o f  sternal rib end as occurs on the pubic sym physeal 
face. There is a noticeable difference betw een ossification patterns in m ales and females.
In the case o t UM FC66, the costostem al articulation appears to  coincide w ith Stage 
1/Stage 2: m id-teens to early tw enties. The center takes on a dish shape and has little or no
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deterioration, w hile edges still retain an even rounded appearance. Ideally, the fourth rib should 
be used for analysis, but in this case, the sternal end is broken on both the right and left sides. In 
light o f  this, I used the sixth and seventh ribs to m ake my determ ination. The lack o f  
deterioration leads m e to conclude that this is a young adult, w hile the o ther ribs exhibit the same 
pattern supporting this conclusion.
As Bass (2005) states, according to M cK ern and Stew art, the m edial (o r sternal) 
c lavicular epiphysis unites relatively slow ly, usually beginning around 18 years o f  age. In the 
hum an skeleton, it is generally the last long bone epiphysis to  fuse, usually fusing in the m id­
tw enties. This fusion is, therefore, useful w hen estim ating age at death in post-adolescent 
individuals.
The stem o-clavicular epiphysis o f  UM FC 66 is com pletely fused indicating this individual 
is o lder than tw enty-five years old. The spheno-occipital synchondrosis, o r basilar suture, is 
another com m only recognized suture closure. In the case o f  UM FC66, the suture is closed 
indicating this individual was no older than about twenty-five.
V ariation in the face o f  the pubic sym physis is a region frequently  analyzed for age 
estim ation. Based on a large sam ple o f  m ale os coxae, as synthesized in Bass (2005), Todd 
outlined a 10-stage m ethod for evaluating  this pubic sym physeal surface. C hanges in this surface 
over tim e continue in a predictable pattern from  a heavily contoured face, to  one bordered by a 
rim  in the m id thirties, and to a surface m arked by increasing porosity after forty years. 
A ccording to T odd’s m ethod o f  pubic sym physis age estim ation there are 10 phases ranging 
from  ages 18 to  50 and over. The difficulty w ith this system  is that the approxim ate ages from  20 
to 40 have a tendency to  be m ore reliable than ages over 50 years. In general, the phases can be
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categorized into the follow ing groups: the post-adolescent stage (Phases I-III), increased growth 
(Phases IV-VI) and finally the degenerative process (Phases VII-X).
O n exam ination o f  the pubic sym physis o f  U M FC 66, it is reasonably apparent that the 
sym physeal faces can be categorized as Phase IV, corresponding to  age 25-26. The billow ing 
pattern is beginning to deteriorate w ith a slight appearance o f  granularity. T here exhibits a large 
increase o f  ventral beveled area w ith equivalent reduction o f  ridge and furrow  formation.
As presented by B um s (1999), the m ethods T odd used w ere rew orked by several 
anthropologists: nam ely, B rooks, M cK ern and Stewart, G ilbert and M cK ern, K atz and Suchey, 
and B rooks and Suchey. Each tried to  understand w hether T odd’s m ethods w ere really successful 
and i f  there w as a way to enhance his techniques. It is my b e lie f that after detailed study o f  the 
pubic sym physis it becam e evident that the Todd m ethod was sufficient and there was in fact no 
satisfactory w ay o f  im proving it. The K atz and Suchey and B rooks and Suchey m ethods took 
T odd’s ten  phases and narrow ed them  down to  six phases. It is clear that the younger ages are 
m ore accurate w ith a low er range betw een ages, especially in the K atz and Suchey method. For 
exam ple, Stage 1 has a range o f  eight years w hereas Stage 6 has a fifty-one year range.
U sing the K atz and Suchey m ethod, as cited by Burns (1999), the pubic sym physis 
m orphology o f  UM FC66 is categorized as Stage 2 (19 to 35 years o f  age), w ith obvious ossified 
nodules, a dorsal plateau, as well as the beginning o f  ventral slanting.
The site o f  articulation o f  the os coxa w ith the sacrum , know n as the auricu lar surface, 
w as the second pelvic age indicator em ployed. The m ethod, cited  by Bass (2005), w as developed 
by Lovejoy et al., using a portion o f  the os coxa often better-preserved in context than the pubic
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sym physis. In a system  sim ilar to T odd’s pubic sym physis m ethod, the auricular surface 
technique com pares changes in billow ing, granulation, porosity, and transverse organization on 
the face o f  the os coxae’s articulation with the sacrum. It also perm its a bit m ore refinem ent at 
aging older individuals, w ith 50-60 year and older age categories.
A pplying the technique illustrated in B um s (1999), developed by M eindl et al., and later 
refined by M eindl and Lovejoy, it becom es clear that UM FC66 exhibits a reduction o f  billow ing 
with slight m icroporosity. The billow ing has, to  som e extent, been replaced by striae, placing this 
individual into Phase 2, corresponding to an age range o f  25-29, w hich is consistent w ith age 
ranges acquired by other methods.
Since all perm anent dentition is not present and there are no third m olars, it is not 
possible to determ ine age from dental eruption except to say that this is an adult. In his M aster’s 
Thesis, Trom ly (1996) observed that the degree o f  dental attrition  is a useful indicator o f  an 
individual s age at death. A ttrition is the loss o f  enam el by forces from  opposing teeth  acting on 
each other. A ttrition initially affects the enam el and, m ay proceed to the underlying dentin  i f  left 
unchecked. O nce the enam el has eroded aw ay, attrition  quickly dam ages the dentin  beneath. 
R elatively m inor am ounts o f  force are p laced on teeth  from  everyday behaviors such as 
m astication and swallowing. O ccupational practices, such as holding item s w ith the teeth, place 
greater am ounts o f  forces on the opposing surfaces cause the teeth  to  w ear m uch m ore quickly. 
Diet can also cause wear, especially when food has a high concentration o f  grit, such as sand or 
dirt. As expected, w ear typically starts on the occlusal surfaces.
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In the case o f  U M FC66, there is dentin exposure on all cusps o f  the first m olar, one o f 
which is pinpoint indicating that this individual was seventeen to th irty-five at tim e o f  death. The 
other teeth are m issing, broken, or too worn to determ ine degree o f  dental attrition.
On the basis o f  these eight techniques applied to estim ate age at death, I am able to 
deduce with reasonable certainty that this individual was betw een the ages o f  fifteen and thirty- 
five w ith a narrow  range o f  tw enty to twenty-eight. U sing a technique o f  m eans, I devised a 
convenient and straightforw ard technique to achieve a narrow  and w ide age range from  the data 
acquired. I used each age estim ation m ethod and placed the m inim um  age o f  each range in one 
colum n w ith the m axim um  age in the colum n next to it. Upon averaging these values the narrow  
age range differences are established, I then determ ine the m inim um  age in the m inim um  colum n 
and the m axim um  age in the m axim um  colum n to acquire the w ide age range. Table 1 illustrates 
this m ethod in practice.
AGE RANGE
TECHNIQUE M in im u m M a x i m u m
S te rn a l  rib e n d s 15 20
Pubic sy m ph ys is :  T odd 25 26
Pubic sy m p hy s is :  Brooks a n d  S uchey , Katz a n d  S u chey 19 35
D enta l  a t t r i t io n 17 35
m ed ia l  clavicle 25 27
V e r te b ra l  ep ip h y s is 20 29
Basilar S u tu re 17 25
A uricu la r  su r fa c e 25 29
N a r r o w  Age R an ge 20 28
W id e  R an ge 15 3 5
T ab le  1: A ge  e stim a tio n  app ly in g  m eans
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CHAPTER 5: SEX DETERMINATION
Sex determ ination o f  an individual is an im portant step in identifying a skeleton. 
A lthough there is a good deal o f  variation w ithin and betw een the sexes, there are several 
m easurem ents that are accurate determ inants o f  sex. Sex determ ination can be accurately 
assessed through exam ination o f  the pelvis and cranium , and to a lesser degree the long bones, 
especially the femur. As Falk (2004) states, it is only truly possible to determ ine sex w ith 
adolescent or adult skeletons since there is little to no sexual dim orphism  in preadolescent 
children since changes in the skeleton do not appear until puberty. U sing the size o f  the bones is 
one o f  the general ways to determ ine sex since m ales are inclined to  have larger bones than 
females. This is know n as sexual dim orphism . This does not apply in every instance. 
O ccasionally m ales have gracile skeletons and fem ales have robust skeletons. The os coxae are 
tw o o f  the m ost com m on bones to use i f  they are available. The subpubic angle is m uch w ider in 
fem ales, usually m ore than 90°, while in m ales it is typically less than 90°
Specific m easures o f  differences in sexual dim orphism  have been developed. Particularly, 
according to B um s (1999), m ale crania tend to  be larger and m ore robust than fem ale crania. 
They typically  have th icker supraorbital ridges, a m ore outstanding glabella, and very prom inent 
tem poral lines. In addition they have larger, broader palates, squarer orbits, larger m astoid 
processes, larger sinuses, and bigger occipital condyles than those o f  fem ales on average. M ale 
m andibles typically have squarer chins and thicker, rougher m uscle attachm ents than fem ale 
m andibles. W ithin hum an populations these features d iffer considerably, m aking it som ew hat 
difficult to  identify the sex o f  a skull w ithout know ing w hich population it cam e from. On the 
whole, m ale skeletal features are b igger w ith stronger m uscle attachm ents. B um s (1999)
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describes the adult fem ale cranium  as m aintaining the gracile features o f  pre-adolescence. The 
m ale cranium , on the other hand, becom es m ore robust and noticeably rougher especially  at the 
sites o f  m uscle attachm ent. M ajor differences betw een the fem ale and m ale skull include the 
occipital region, thickness o f  the supraorbital ridge, glabellar prom inence, nuchal crest, m astoid 
process, tem poral lines, and m andible. Essentially, the m ale cranium  becom es thicker and m ore 
robust, as m entioned above. It takes a great deal o f  expertise and training to visually  determ ine 
sex from  ju st a cranium , w hich is why it is best to have one or both os coxae as well. The m ale 
cranium  tends to have blunt supra-orbital m argins and larger supra-orbital ridges. The fem ale 
cranium  tends to have sharp supra-orbital m argins and no discernible supraorbital ridges 
according to Bass (2005). The occipital o f  m ales tend to have a w ell-defined nuchal crest. In 
som e cases, the nuchal crest and nuchal line are very rugged and sharp. In very gracile fem ales, 
there is alm ost no nuchal crest and the nuchal line is com pletely absent. T here is a tendency for 
the m andible o f  a fem ale to have a rounded chin. The gonial area is sm ooth and does not project. 
The m ental em inence o f  the m ale m andible is inclined to be m uch m ore squarely shaped and the 
area around the gonial angle is broadened in som e cases. In addition, m ale dentition is often 
larger. Finally, the tem poral region in the fem ale cranium  is sm oother and less rugged than that 
o f  the m ale cranium . In the fem ale cranium  the zygom atic arch norm ally does not extend, as a 
ridge, past the external auditory m eatus. In m ale crania the zygom atic arch does typically extend 
past the external auditory m eatus. In fem ales the m astoid process is sm all and sm ooth w hile in 
m ales it is large and rugged.
As Bass (2005) states, sex determ ination is som ew hat m ore straightforw ard than age 
estim ation or ancestry determ ination since there are few er categories. There are five categories 
into w hich an individual skeleton could possibly be placed: m ale, possible m ale, indeterm inate,
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possible female, and female. In other words, som etim es m ales can have fem ale traits and vice 
versa; and on occasion it is ju s t too difficult to  accurately determ ine.
Visual analysis o f  the cranium  indicates that this is a female. There is little to no 
supraorbital ridge, a small m astoid process, and a single central boss on the frontal bone. The 
nuchal region shows a sm all m uscle attachm ent. In addition to this, the zygom atic process ends 
before reaching the external auditory m eatus. Interestingly, the m andibular ram us is w ide and 
sharply angled, w hich is a m ale trait. H ow ever, the m ental em inence is rounded/pointed 
indicating a female. Since, based on cranial traits, six o f  the seven (86% ) traits match a fem ale. I 
am fairly confident that this is a female. Further visual analysis o f  the cranium  was done by 
assessing the m orphology o f  five landm arks. A m ong these are the nuchal crest, m astoid process, 
supra-orbital m argin, supra-orbital ridge, and the m ental em inence. A ccording to  B uikstra & 
U belaker (1994), A scad i’s and N em eskeri’s cranial sex estim ation show n in table 2 below  
illustrates the relative scores o f  each landmark.
1 N u c h a l  C r e s t 2
2 M a s t o i d  P r o c e s s 3
3 S u p r a - o r b i t a l  M a r g i n 1
4 S u p r a - o r b i t a l  R i d ge 2
5 M e n t a l  E m i n e n c e 2
M E A N 2
T a b le  2: s c o r e s  fo r  s exua l ly  d im o r p h ic  c ra n ia l  f e a t u r e s
Taking the m ean o f  the scores results in a num ber score o f  2, this corresponds to  a probable 
female.
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As described by researchers at the U niversity o f  N otre D am e (n.d.), bipedal locom otion 
and childbirth are the tw o m ain factors that control pelvic m orphology. There is substantial 
sexual dim orphism  in the pelvic region due to the need to facilitate childbirth. This difference is 
particularly useful for determ ining the sex o f  an individual. The pelvis is the only region o f  the 
skeleton that that shows such a difference betw een m ale and fem ale m em bers o f  the species. 
M orphology o f  the individual parts o f  the coxal bones, such as the pubis, auricular surface, and 
overall shape, are the m ost useful for determ ining sex. Features o f  the coxals such as shape o f  the 
pubic bone, elevation o f  the auricular surface, size/shape o f  the sciatic notch, size/shape o f  the 
acetabulum , presence o f  a preauricular sulcus, and curvature and w idth o f  sacrum , w ere useful in 
this analysis.
A s described in Burns (1999), the greater sciatic notch is narrow er for m ales and w ider in 
fem ales. In general the acetabulum  is larger and deeper in m ales than in fem ales. The sacrum  is 
straighter in fem ales and has m ore o f  a curvature in m ales, causing it to  protrude slightly into the 
pelvic inlet; w hich is larger in wom en to allow  the birthing process to occur. In addition to 
cranial m orphology there are other useful bones, and other features to  look for; how ever these 
are the m ost com m on ways o f  deciding the sex o f  a skeleton. Using a com bination o f  features is 
the best way to determ ine an ind iv idual's sex. Due to variation, single traits m ay not alw ays be 
representative o f  the sex o f  the individual. Therefore, it is best to use m ultiple features in 
determ ining sex however, with the lim ited am ount o f  m aterial that is often found, this is not 
alw ays possible.
The best indicator o f  sex on the adult skeleton is the m orphology o f  the pubic bone. The 
Phenice (1969) m ethod is based on analysis o f  the follow ing landm arks:
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1. Ventral arc
2. Subpubic concavity
3. M edial portion o f  ischiopubic ramus
These three characteristics can distinguish m ale from fem ale 95%  o f  the tim e, according to 
Phenice (1969).
A pplying the Phenice (1969) m ethod to U M FC 66, it is apparent that the ventral arc is a 
slightly elevated ridge o f  bone on the anterior (ventral) surface o f  fem ale pubis, extending 
inferolaterally. The presence or absence o f  ventral arc is m ost determ inative o f  the 3 Phenice 
(1969) characteristics. The subpubic concavity is a result o f  fem ales having a longer pubic part 
o f  the coxal bone, the subpubic angle and hence the subpubic concavity  has to be larger in 
females. M edial aspect o f  ischiopubic ram us in fem ales is a ridge, som etim es a narrow  surface, 
inferior to the sym physeal face.
As discussed by Bass (2005), A nderson states that the sacrum  is prom inently sexually 
dim orphic; in the fem ale the sacrum  is shorter and w ider than in the m ale. The low er h a lf o f  the 
sacrum  develops a greater angle w hile the upper h a lf  is nearly straight, the low er h a lf  presenting 
the greatest am ount o f  curvature. The direction is pointed m ore diagonally backw ard; this 
increases the size o f  the pelvic cavity and renders the sacrovertebral angle m ore prom inent. The 
sacral curvature is m ore uniform ly distributed over the w hole length o f  the bone in m ales, and is 
greater overall than in the female. The sacrum  is straighter in fem ales, m ore curved in m ales in 
d irect relation to childbirth. The sacral body to the two alae ratio is 1; 1:1 in fem ales, on the other 
hand, the body in m ales is greater than '/3. Sacral m orphology reveals that UM FC 66 is consistent 
w ith a fem ale since it lies reasonably flat.
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In the postcranial skeleton, m easurem ents o f  the fem ur, sternum , scapula, and the 
hum erus were taken. Two m easurem ents o f  the scapula w ere taken- m axim um  scapular height, 
glenoid cavity height, and these m easurem ents w ere subjected to discrim inant function analysis.
The fem ur is the longest and strongest bone in the body, m aking it an ideal bone to 
determ ine robusticity as well as sexual dim orphism . Four m easurem ents o f  the fem ur w ere taken 
to determ ine sex based on the Fem ur Sexing table devised by Pearson as cited by Bass (2005). 
The vertical head diam eter is 41m m  suggesting that this person is female. The trochanteric 
oblique length is 384m m  also representing female. The bicondylar w idth is 65.5m m , also 
consistent w ith female. In addition to this, the circum ference o f  the m idshaft is 73m m , indicating 
fem ale as well. The popliteal length is 129mm, w hich is consistent w ith an  indeterm inate sex. 
The subsequent table indicates that 75%  o f  the femoral indicators are consistent w ith a female; 
w hile 25% , nam ely popliteal length is indeterm inate. The difficulty w ith this m ethod is that 
Pearson perform ed his research on seventeenth century Londoners, w hich are probably not 
com patible with the population to w hich U M FC 66 belongs. I f  this population w as characterized 
by a generally  sm aller body size than those exam ined by Pearson, the m ales will m ore often 
score as females.
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MEASUREMENT FEMALE
POSSIBLE
FEMALE
INDETERMINATE
POSSIBLE
MALE
MALE UMFC66
V ertical diam eter <41.5 41.5-43.5 43.5-44.5 44.5-45.5 >45.5 40.6mm
Popliteal length <106 106-114.5 114.5-132 132-145 >145 129mm
Bicondylar width <72 72-74 74-76 76-78 >78 65.5mm
Trochanteric oblique length <390 390-405 405-430 430-450 >450 384m m
Table 3: Sexing the Fem ur [after Pearson] - U M FC 66 (Bass, 2005)
Gutnam  et al. (1980) used 400 N ative A m erican sterna to determ ine sex from the 
com bined length o f  the m anubrium  and the corpus. They determ ined that i f  the com bined 
m easurem ent is greater than 140mm then the skeleton is m ale, and that it is fem ale i f  the total is 
less than 131mm.
Interestingly, the length o f  the m anubrium  o f  UM FC66 is 54.5m m  and the body m easures 
101.5mm w ith a com bined length o f  this sternum  is 156mm, indicating m ale. This is inconsistent 
w ith m ost o f  the other postcranial m easurem ents.
In m ales, the body o f  sternum  is greater than tw o tim es the length o f  the m anubrium ; in 
fem ales, less than two tim es the length according to  M cC orm ick et al. (1983). The previous 
m ethod is m ore o f  a guideline than a rule. Since the sternal body o f  U M FC 66 is slightly less than 
tw ice as long as the m anubrium , UM FC66 m ay possibly be a female.
The other bone not consistent w ith a fem ale determ ination is the scapula. As put forth by 
Bass (2005), m easurem ents by D w ight o f  the scapular length w ere taken from  the superior 
border to the inferior border; the glenoid cavity height is m easured as well. The scapular length, 
o f  161mm, is consistent w ith a m ale w hile the glenoid cavity height, o f  36.86m m , indicates an 
indeterm inate sex. The m axim um  scapular length is 161 mm consistent with a male; the glenoid
cavity height is 36.86 m m  representative o f  an indeterm inate sex.
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Sex determ ination is norm ally exam ined by osteologists, according to Bass (2005). The 
only tib ia present has distal and proxim al deform ations due to osteom yelitis and w ould reveal 
incorrect results i f  used.
A ccording to Bass (2005), “the hum erus is the second-best bone for sex estim ation.” 
M easurem ent o f  the hum eral head o f  UM FC66 in the vertical and transverse orientations is 
40.93m m  and 32.53m m  respectively, signifying a female. There is a possibility that small m ales 
could score as fem ales w ith this technique.
O f  the six postcranial bones analyzed, about 67% , or four o f  the six, indicate female. In 
addition to this, the cranium  shows evidence that this individual was probably a female.
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CHAPTER 6: BIOLOGICAL AFFINITY
As illustrated by Leakey (1994) since we all share common descent from Africa, the only 
differences we share are based solely on climatic adaptations. These differences are merely “skin 
deep” and do not reflect distinct races, only different biological affinities. Even though there may 
have been apparent geographic boundaries in the past making interbreeding nearly impossible, 
populations have become much more mobile in recent centuries greatly modifying genetic 
populations.
As stated by The American Association o f Physical Anthropologists (1996) we all share 
the same ancestry as members o f  Homo sapiens. There is, however, a great deal o f genetic 
variation due to several factors such as gene flow and mutation resulting from migration to all 
regions o f the planet. Race is an illusory phenomenon; it is based mainly on what we perceive 
visually and on arbitrary definitions o f customs as well as cultural practices. As far as forensic 
anthropologists such as Bass (2005) are concerned, the only area o f  the skeleton from which race 
can be determined is the cranium, and accuracy is fairly low. Race is only useful for identifying a 
population on a superficial level in order to distinguish them from other members o f the group, 
narrowing down search parameters. Although at one time there may have been relative 
geographic separation o f  biological groups (due to boundaries impeding travel, such as 
mountains, deserts, rivers, and oceans). This implies that interbreeding was more difficult; 
migration and mobility and genetic changes within populations have changed this.
As illustrated by Bums (1999) in image 2, Europeans generally have the lowest degree o f 
projection, or prognathism, o f the alveolar ridge bones which contain the teeth, a notable size 
prominence o f  the cranium and forehead region, and a narrow, “ridged" nasal aperture. African
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automatically classify an individual into a racial group. Utilizing FORDISC can further assist in 
the interpretation o f craniofacial measurements in regards to ancestry/race determination.
Non-metric cranial examination, based on the standards in Burns (1999) reveals 
UMFC66 to have traits o f  both American Indian, possibly including Asian and African descent, 
with mostly American Indian traits. The dentition is not crowded, the zygomas are small and 
retreating with curved or “S”-shaped zygomaxillary sutures as well as simple cranial sutures, all 
indicative o f African ancestry. On the other hand, the palatal shape is elliptic with a straight 
palatal suture. The nasal bones are low with a “tented” morphology; there is a medium nasal 
aperture, and nasal spine. The mental eminence is blunt and the mandibular ramus is wide. 
Overall, the cranium is low and sloping, all consistent with American Indian ancestry. The 
degree o f  prognathism, which is little to none, is the only European trait, indicating possible 
distant European ancestry. There are eight traits consistent with American Indian ancestry and
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only four consistent w ith African. U sing this visual m ethod, it is evident that 67%  o f  the traits 
are A m erican Indian, 33%  are A frican, w hile only 8%  are European.
An additional technique used for determ ining biological affinity is the d iscrim inant 
function analysis o f  G iles and E lliot, as cited by Bass (2005). E ight craniom etric m easurem ents 
are used consisting o f  basion-prosthion length, m axim um  length, m axim um  breadth, cranial base 
length, basion bregm a height, bizygom atic breadth, upper facial height, and nasal breadth. A 
discrim inant function analysis was perform ed o f  each o f  the eight m easurem ents. Each colum n 
for m ale and fem ale are further divided into W hite/N egro and W hite/Indian and a sum o f  the 
m easurem ents is acquired for each column. For fem ales the “y” axis (W hite-N egro) border 
betw een races is 92.2 w hereas the “x” axis (W hite-Indian) racial border is 130.1.
UM FC66 MALE FEMALE
Measurement WHT/NEG WHT/IND WHT/NEG WHT/IND SEX
l Basion-Prosthion Ht. (ba-pr) 95 290.7 9.5 165.3 289.8 -95
2 Glabello-Occipital Ln. (g-op) 176 281.6 -44 225.3 -183 204.2
3 Maximum Width: (eu-eu) 132 -250.8 -205.9 -155.8 -714.1
4 Basion-Bregma Ht.(ba-b) 132 -236.3 96.4 -18.5 566.3
5 Basion-Nasion Ht. (ba-n) 100 -441 -29 -234 -402 211
6 Bizygomatic Breadth(zy-zy) 137 -13.7 239.8 -5.2 769.9 227.4
7 Prosthion-Nasion (n-pr) 65 168.4 -10.4 -1.7 -65 258.7
8 Nasal Width (al-al) 23 242.9 -19.3 56.4 -50.4
41.8 37 31.8 211.4 806.3
Table 4: GILES & ELLIO T RACE W O RK SH EET FROM  BASS (2005)
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perform ing tw o essential functions. Using standard cranial and postcranial m easurem ents, it can 
classify unknow n individuals into ancestry and sex groups by using m ultiple discrim inant 
function analysis, and it can also derive stature estim ations by the limit o f  a m odel so the best 
possible fit o f  the data can be achieved. M ost o f  the data used in these analyses is taken from a 
large forensic database, the U niversity o f  T ennessee Forensic D ata Bank, w hich is com prised o f 
individuals from around the country that are o f  know n race and sex who w ere born after 1900.
FORD ISC 3.0 utilizes as m any as 33 cranial variables and a total o f  76 postcranial 
variables in order to calculate ancestry based on a range o f  tw o to eleven classifications. Based 
on the results o f  my visual exam ination I selected A m erican Indian, Japanese, A frican, and 
European fem ales for this analysis. The study o f  UM FC 66 is based on thirty cranial 
m easurem ents and forty-one postcranial m easurem ents (see A ppendix B).
The first table o f  the results indicates that o f  the 24 total A m erican Indian fem ale 
sam ples, 21 fit into A m erican Indian fem ale w hile three correspond w ith Japanese female, 
w hereas zero m atch A frican and European females. The second table (m ultigroup classification) 
indicates that o f  the four groups, A m erican Indian is the closest to its centroid w ith a posterior 
probability value o f  0.919 or 91.9%  and a typicality o f  0.946 or 94.6% . N ext is Japanese w ith a 
typicality o t 0.185 o r 18.5%, w hile the A frican and European are farthest w ith values o f  7.2%  
and 2.0%  respectively. Based on the FO RD ISC 3.0 analysis as w ell as visual analysis, I am 
reasonably confident that th is individual is o f  A m erican Indian ancestry. I conclude that the 
ancestry o f  this individual is A m erican Indian. The archaic term “M ongoloid” was used to 
describe A sians and A m erican Indians for m any years. In trying to  avoid using this term inology,
I chose to refer to this individual as A m erican Indian, but this individual could have ju s t as well
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been Asian. The m ethods used by forensic anthropologists are unable to reliably distinguish 
betw een people o f  A sian and A m erican Indian descent.
C ranial m orphology can be expressed using a num ber o f  cranial indices. These indices 
m ay be used to assist in determ ination o f  ancestry. For exam ple, the nasal aperture is broad 
indicating A frican origin; the high cranial vault is a European trait. In addition to  this, the broad 
elliptical shaped palate is consistent w ith A m erican Indian descent. Table 5 below  illustrates the 
cranial indices for this individual.
E lem en t Index D escr ip tion
Cranial  Index 75 m e s o c h r a n y m e d i u m
Cranial  M o d u l e 1 46 . 7
L e n g t h -H e i g h t  Index 75 h y p s ic r a n y m e d i u m
B r e a d t h - H e i g h t  Index 100 a c r o c r a n y high
F r o n to - P a r i e t a l  Index 69 m e t r i o c r a n y m e d i u m
Nasa l  Index 4 6 p la ty r rh in y b r o a d
Tota l  Facial Index 38 h y p e r e u r y p r o s o p y v e r y  b r o a d
U p p e r  Facial Index 47 e u r y e n y b r o a d
Pa la ta l  Index 122 .9 b r a c h y s t a p h y l i n e b r o a d
Orb i t a l  Index 94 .7 h y p s i c h o n c y n a r r o w
T ab le  5: C ranial M o rp h o lo g y  b ased  on cran ia l in d ice s  from  B ass (2005)
Cranial index is the relationship betw een the m axim um  breadth and the m axim um  length o f  the 
cranium . The form ula is as follows:
~  j t  j  m a x i m u m  c r a n i a l  b r e a d t h * 1 0 0Cranial Index  = -------------------------------------------------------
m a x i m u m  c r a n i a l  l e n g t h
These indices are displayed as a percentile num ber, providing the m ost straightforw ard 
description o f  the ratio o f  two proportions. The other indices follow  the sam e form at depending 
on the feature being evaluated.
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CHAPTER 7: W EIGHT AND STATURE
As the U niversity o f  Texas - A ustin eForensic (n.d.) w ebsite states, stature is the normal 
height o f  a hum an in a standing position and is usually calculated from  a regression form ula 
based on the population and sex to  w hich the case being analyzed belongs. S tature estim ation is 
based on long bone m easurem ent. The best bones to utilize are the hum erus, femur, and tibia. 
However, the radius, ulna and fibula can also be used i f  these bones are not available. I was 
unable to use the tibial m easurem ents since the only tib ia present is partially deteriorated  from 
osteom yelitis and is incomplete.
In order to obtain an accurate estim ate o f  the stature using the six long bones, I calculated 
an average o f  all the T otter and G leser (1958) d iscrim inate function results w hich are shown in 
Table 6. In the case o f  UM FC66, I calculated  the height to be in the range o f  1.521m (5 ’00” ) to 
1.595m (5 ’03” ) w ith a m ean o f  approxim ately 1.558m (5 ’0 1 ” )■
AMERICAN INDIAN FEMALE B O N E  L E N G T H  M I N I M U M  M E A N  M A X I M U M
Humerus 315 159.36 163.81 168.26
Radius 249 168.72 172.96 177.2
Ulna 275 170.89 175.19 179.49
Femur 416 152.89 156.61 160.33
T i h i n1 I W I U ------------ ------------ ------------ ------------
Fibula 328 152.14 155.71 159.51
all measurements in mm
T ab le  6: S ta tu re  based on d isc rim in an t fu n c tio n  in v estig a tio n  o f  long b o n e  length
T here is no reliable way o f  estim ating w eight given o f  the lack o f  soft tissue. H ow ever, I 
em ployed the H alls (2003) M etropolitan Life tables o f  height and w eight for a fem ale w ith a 
height o f  5 ’01” and a m edium  fram e, corresponding to  a w eight betw een 115 to 129 pounds. 
This is the ideal w eight o f  an individual o f  m edium  fram e standing 1.56m (~ 5 ’01”); in my 
opinion the usefulness o f  w eight estim ation is extrem ely questionable.
CHAPTER 8: TRAUMA AND PATHOLOGY
Osteomyelitis, according to Babcock (2006), is a bone tissue infection that is usually the 
result o f an infection elsewhere in the body. Osteomyelitis may occur for many different reasons 
and can affect both children and adults and is usually the result o f a bacterial infection that 
spreads to the bone via the bloodstream.
As described by King (2006), when osteomyelitis affects adults, it often involves the 
vertebral bones and the pelvis, whereas in children the long bones are usually affected. 
Staphylococcus aureus is normally the source o f the blood infection although it may be caused 
by a different type o f  bacteria or fungal organism such as syphilis, or tuberculosis. Syphilis is a 
curable sexually transmitted disease caused by the Treponema pallidum pallidum  bacterium 
( ). Sexual contact is the primary transmission route,
although sometimes transmission from mother to child during pregnancy can occur. Tuberculosis 
is caused by the Mycobacterium tuberculosis bacteria and usually affects the lungs, but it can 
also affect the bones and joints where it is spread from the lungs according to The Centers for 
Disease Control and Prevention (2007).
Researchers at the University o f  Virginia (2008) states that an infection caused by a 
traumatic injury, repeated injections, or a surgical procedure can be another cause o f 
osteomyelitis. Additionally, individuals with diabetes who develop foot ulcers are more prone to 
contract the infection; the organism has direct entrance into the affected bone under these 
conditions. Individuals with a with a weakened immune system including those with sickle cell 
anemia, Human Immunodeficiency Virus (HIV), or individuals taking medications to suppress
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the im m une system  such as chem otherapy or steroids tend to be at greater risk for contracting 
osteom yelitis.
B abcock (2006) states that am ong children and teens, the long bones o f  the legs and arm s 
are m ost frequently affected. This fact lends support to the im pression that this individual was a 
late teen/young adult at death. In adults, osteom yelitis m ost often affects the vertebrae o f  the 
spine and/or the hips. A ccording to The C leveland C linic (2008) osteom yelitis affects 
approxim ately one out o f  every 5,000 people (about 0.02% ). I f  the infection is not treated, the 
disease can becom e chronic and the affected bone can experience a loss o f  blood supply, causing 
the bone to becom e necrotic. In children, osteom yelitis usually affects the adjoining ends o f  long 
bones. Based on the illustrations by O rtner and Putschar (1985) it is apparent from the degree o f  
dead bone tissue; as well as the shape, condition and color o f  affected bone tissue, that this 
individual had osteom yelitis. There are also several small (<3m m ) openings on the left distal 
femur. In addition to this, both coxals and the proxim al tibia and fibula are affected.
The C leveland C linic (2008) also m aintains that gender and ancestry have no relevance to the 
frequency or probability o f  contracting osteom yelitis. Som e individuals are m ore at risk for 
developing the d isease including diabetics, dialysis patients, and intravenous drug users.
B ecause o f  the severity o f  the osteom yelitis in the left low er extrem ity, particularly  the 
fem ur, it appears that perhaps this person either was too underprivileged to afford, o r did not 
have access to appropriate m edical attention (i.e. antibiotics). I conclude that the cause o f  
osteom yelitis was m ost likely not from  syphilis since syphilis is also evident in the cranium , and 
there is no indication o f  a bone infection in this cranium. I also speculate that this individual may 
have had diabetes since, as m entioned above, it is one o f  the risk factors and there is an
29
REFERENCES
American Association o f  Physical Anthropologists (1996). Statement on Biological Aspects o f  Race. 
Retrieved November 4, 2007 from http://physanth.org/positions/race.html
Albert, A. M. and Maples, W.R. (1995). Stages o f  epiphyseal union for thoracic and lumbar vertebral 
centra as a method o f age determination for teenage and young adult skeletons. Journal o f  Forensic 
Sciences 40:623-633.
Babcock, MD, H.M. (2006). Osteomyelitis. Retrieved November 16, 2008, from 
http://www.nlm.nih.gov/medlineplus/encv/article/000437.htm
Bass, W.M. (2005) Human Osteology: A Laboratory F ield Manual, 5,h edition. Columbia, MO:
Missouri Archaeological Society, Inc.
Buikstra, J. E., Ubelaker, D.H., et al. (1994). Standards for Data Collection from Human Skeletal 
Remains. Fayetteville, AR: Arkansas Archaeological Survey.
Bums. K.R. (1999). Forensic Anthropology Training Manual. Upper Saddle River, NJ: Prentiss Hall.
Centers for Disease Control and Prevention (2007). Questions and Answers about TB. Retrieved March 3, 
2008 from http://www.cdc.gov/tb/faqs/default.htm
Cleveland Clinic (2008). Osteomyelitis. Retrieved January 23, 2008 from 
http://mv.clevelandclinic.org/disorders/Osteomvelitis/hic Osteomvelitis.aspx
Falk. D., (2004). Brain Dance. Gainesville, FL: University Press o f  Florida.
Gutnam, R.S. et al. (2003). The Human Sternum -  as an Index o f  Age & Sex. J  Anat. Soc. India, 52(1), 
20-23.
Haglund, W.D. and Sorg, H.M. (1997). Forensic Taphonomv: The Postmortem Fate o f  Human Remains. 
Boca Raton, FL: CRC Press.
Halls, S.B. (2003). About the "Metropolitan Life" tables o f  height and weight. Retrieved March 15,
2008. from http://www.halls.md/ideal-weight/met.htm.
King, MD, R.W., et al. (2006). Osteomyelitis. Retrieved D ecem berH , 2007from 
http://www.emedicine.com/emerg/topic349.htm
Leakey, R.E. (1994). The Origin o f  Humankind. New York, NY: BasicBooks.
Mayo Clinic, The (2008). Osteomyelitis. Retrieved February 8, 2008 from 
http://www.mavoclinic.com/health/osteomyelitis/DS00759.
31
McCormick, W.F. et al. (1985). Sex determination from chest plate roentgenograms. Am J  Phys Anth 
68(2), 173-195.
Ousley, S.D., and Jantz, R.L. (2005). FORDISC 3.0: Personal Computer Forensic Discriminant 
Functions. University o f Tennessee, Knoxville.
Ortner, D.J., Putschar, W.G.J. (1985). Identification o f  Pathological Conditions in Human Skeletal 
Remains. Washington, DC: Smithsonian Institution.
Phenice, T.W. (1969). A newly developed visual methods o f  sexing the os pubis. Am J  Phys Anth  
30:297-301.
Tromlv, S.C. (1996). Dental Attrition for a Contemporary W estern Montana Population. M.A. Thesis. 
The University o f  Montana.
Trotter, M., Gleser, G. (1958). A re-evaluation o f estimation o f  stature based on measurements o f  stature 
taken during life and o f  long bones after death. Am J  o f  Phys Anth  16:79-123.
The University o f  Notre Dame (n.d.). A Biocultural Reconstruction o f  Urban M onastic Life. Retrieved 
January 12, 2008 from http://www.nd.edu/~stephens/sex.html
University o f  Texas at Austin, (n.d.). eForensics Project. Retrieved October 26, 2007 from 
http://webtest.austin.utexas.edu/
The University o f  Virginia Health System (2008). Bone Disorders. Retrieved April 8, 2008 from 
http://www.healthsvstem.viruinia.edu/uvahealth/adult bone/osteom.cfm
32
Appendix A: FORDTSC 3.0 Analysis of UM FC66
Ousley &  Jantz (2005).
DF using 17 variables: OBH OCC PAC UFHT WFB XCB ZYB AUB BBH
BPH BNL BPL FRC GOL MAB NLB NLH OBB
Variables rem oved: UFBR MDH MAL DKB EKB FOL GNI HMF TMF
From
Group
Total
Num ber
In to  Group %
CorrectAmerican 
Indian Female
Black
Female
Japanese
Female
White
Female
AF 24 2 1 0 3 0 87.5%
BF 74 3 58 1 0 3 78.4%
JF 1 0 0 11 13 69 7 69.0%
WF 130 2 6 5 17 90.0%
Total Correct: 265 out of 328 (80.79 % * * *  CROSSVALIDATED * * *
M ultigroup Classification o f UMFC66
Group
Classified
into
Distance
from
Posterior
Probabilities
Typ F Typ X  Typ R
AF 22.7 0.919 0.946 0.158 0.080
BF 37.2 0.001 0.072 0.003 0.000
JF 27.6 0.080 0.185 0.050 0.139
WF 38.3 0.000 0.020 0.002 0.008
UMFC66 is closest to American 
Indian fem ale (AFs)
Current Case chk AF BF JF WF
(23/25)
(75/75)
(87/101)
AUB 127 127.0 116 118.6 116.5
BBH 132 128.5 129 131.7 134.3
BNL 100 + 99.8 97.3 95.5 99.1
BPL 95 96.7 98.4 94.3 91.2
FRC 115 ++ 107.0 107 106.4 109.5
GOL 176 177.2 179 131.7 178.3
MAB 59 62.9 63.3 61.5 57.7
NLB 23 25.5 25.0 24.8 22.3
NLH 50 52.0 47.9 48.7 49.2
OBB 38 - 41.2 38.3 38.1 39.2
OBH 36 + 35.5 34.3 34.2 33.2
OCC 96 93.0 95.5 97.4 97.1
PAC 105 - 107.0 113 108.7 113.2
UFHT 65 - 71.2 67.5 65.8 66.4
WFB 91 92.1 93.7 89.7 93.7
In o f D eterm inant=40.1225
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* s v A  A
? v
classifies as American Indian female (posterior probability=0.919, typical probability=0.946)
W  W hite Female 
BF Black Female 
JF Japanese Female 
AF American Indian Female
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Appendix B: Cranial and Postcranial Measurements
1 M aximum Cranial Length: (g-op) 176 18 In tero rb ita l Breadth: (d-d) 27
2 M aximum Cranial Breadth: (eu-eu) 132 19 Frontal Chord: (n-b) 115
3 Bizygomatic Diameter: (zy-zy) 137 20 Parietal Chord: (b-l) 105
4 Basion-Bregma Height: (ba-b) 132 21 Occipital Chord: (l-o) 96
5 Cranial Base Length: (ba-n) 100 22 Foramen Magnum Length: (ba-o) 33
6 Basion-Prosthion Length: (ba-pr) 95 59 Foramen Magnum Breadth: (FOB) 28
7 M axillo-A lveolar Breadth: (ecm-ecm) 59 24 Mastoid Length: (MBH) 31
8 Maxillo-A lveolar Length: (pr-alv) 48 25 Chin Height: (ASB) 32
9 Biauricular Breadth: (AUB) 127 26 Height o f M andibu lar Body: (ZMB) 30
10 Upper Facial Height: (n-pr) 65 27 Breadth o f M andibular Body: (MOW) 12
11 M inim um  Frontal Breadth: (ft-ft) 91 28 Bigonial W idth: 107
12 Upper Facial Breadth: (fm t-fm t) 89 29 Bicondylar W idth: 123
13 Nasal Height: (n-ns) 50 30 Maximum Ramus Breadth: 41
14 Nasal Breadth: (al-al) 23 31 Maximum Ramus Height:
15 O rbital Breadth (d-ec) 38 32 M andibular Length:
16 Orbital Height: (OBH) 36 33 M andibular Angle:
17 Biorbital Breadth: (ec-ec) 95
CLAVICLE: LEFT RIGHT OS COXAE: Epiph P/A LEFT RIGHT
34 Maximum Length: 152 56 Height: 183 193
35 Sagittal Dia. at M idshaft: 9 57 Iliac Breadth: 129 126
36 Vertical Dia at M idshaft: 13 58 Pubis Length: 84
SCAPULA: 59 Ischium Length: 65
37 Height: 150 162 FEMUR Epiph P/A:
38 Breadth: 102 98 60 M axim um  Length: 415
HUMERUS Epiph P/A: 61 Bicondylar Breadth: 73
39 Maximum Length: 312 315 62 Epicondylar Breadth:
40 Epicondylar Breadth: 61 58 63 Max. Dia. O f Head: 41
41 Max. Vert. Head Dia.: 45 41 64 A-P Subtrochanteric Diameter:
42 Max. Dia. Of M idshaft: 22 23 65 Transverse Subtrochanteric Dia.
43 M in Dia. Of M idshaft: 15 15 66 Circumference o f M idshaft: 73
RADIUS Epiph P/A: TIBIA Epiph P/A:
44 Maximum Length: 249 67 Condylo-M alleolar Length:
45 Sagittal Dia. O f M idshaft: 11 68 Max. Prox. Epiphyseal Breadth
46 Transverse Dia. Of M idshaft: 16 69 Max. Distal Epiphyseal Breadth
ULNA Epiph P/A: 70 Max. Dia. N utrien t Foramen
47 Maximum Length: 275 71 Circumference at N u trien t For.
48 Dorso-Volar Diameter: 17 FIBULA Epiph P/A:
49 Transverse Diameter: 14 72 M axim um  Length: 328
50 Physiological Length: 73 M axim um  Dia. At M idshaft: 13
51 M in im um  Circumference: CALCANEUS Epiph P/A:
SACRUM 74 M aximum Length: 53
52 Number o f Segments: 4 75 M iddle Breadth: 50
53 A nte rio r Height: 126
54 A nterio r Surface Breadth: 109 all measurements in mm
55 Maximum Breadth (S -l): 34
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A ppendix C: Inventory
C h r is  Q u c k le y  
S oring  2008
ADULTSKE.ETON RECORDING FOFM
L fs p c o il  ' 
R / .  3* - e t s : e p B ! ;
F S E T j L  c B l a i e n  
I L-Blui
B *t«»ta«Bli(2, J .  i.4)
APPFNRIX3- INV/FNTORY SI-FFTS
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DENTAL INVENTORY 
VISUAL RECORDING FORM: PERMANENT DENTITION
CCLUSAL
LINGUAL
> - I OCCLUSAL
MAXILLARY
BUCCAL
1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16
32 31 30 29  28 27 26 20 24 23 22 21 20 16 10 17
LINGUAL
OCCLUSAL
BUCCAL
MANDIBULAR
ABSENT 
]  PRESENT
UMFC66
OCCLUSAL
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